Protein-ubiquinone interaction in bovine heart mitochondrial succinate-cytochrome c reductase. Synthesis and biological properties of fluorine substituted ubiquinone derivatives.
To investigate the protein-ubiquinone interaction in the bovine heart mitochondrial succinate-cytochrome c reductase region of the respiratory chain, three fluorine substituted ubiquinone derivatives, 2,3-dimethoxy-6-(9'-fluorodecyl)-1,4-benzoquinone (9FQ), 2-methoxy-5-trifluoromethyl-6-decyl-1,4-benzoquinone (TFQ), and 2-methoxy-5-trifluoromethyl-6-(9'-fluorodecyl)-1,4-benzoquinone (9FTFQ), were synthesized. 9FQ was synthesized by radical coupling of Q0 and bis(10-fluoroundecanoyl)peroxide. The latter was prepared by fluorination of undecylenic acid followed by thionylchloride treatment and peroxidation. TFQ was synthesized from 2,2,2-trifluoro-p-cresol by methylation, nitration, reduction, acetylation, nitration, reduction, oxidation, and radical alkylation. 9FTFQ was prepared by the radical alkylation of 2-methoxy-5-trifluoromethyl-1,4-benzoquinone with bis(10-fluoroundecanoyl)peroxide. All three fluoro-Q derivatives are active (greater than 50% the activity of 2,3-dimethoxy-5-methyl-6-decyl-1,4-benzoquinone) when used as electron acceptors for succinate-ubiquinone reductase. However, only 9FQ is active when used as an electron donor for ubiquinol-cytochrome c reductase or as an electron mediator for succinate-cytochrome c reductase. Both TFQ and 9FTFQ are competitive inhibitors for ubiquinol-cytochrome c reductase. A 19FNMR peak-broadening effect was observed for 9FQ when it was reconstituted with ubiquinone-depleted ubiquinol-cytochrome c reductase. A drastic up-field chemical shift was observed for TFQ when it was reconstituted with ubiquinone-depleted reductase. These results indicate that the binding environments of the benzoquinone ring and the alkyl side chain of the Q molecule are different. The strong up-field chemical shift for TFQ, and lack of significant chemical shift for 9FQ, suggest that the benzoquinone ring is bound near the paramagnetic cytochrome b heme.